INTRODUCTION
Out-of-hospital cardiac arrest (OHCA) is a major cause of global mortality and a significant public health concern. In the USA alone, an estimated 300 000 people suffer an OHCA each year, and only 7% will survive to hospital discharge. 1 The survival rate had previously remained unchanged for over three decades despite a dramatic increase in our understanding of OHCA and its predictors of survival.
▪ Twelve observational studies on the topic were found, including three studies in which CCR was used. ▪ When AHA/ERC 2005 Guidelines were compared with AHA/ERC 2000 Guidelines, use of the newer guidelines showed an overall trend towards improved survival. ▪ CCR was associated with a significant survival benefit (OR=2.26) compared to older guidelines, including a threefold increase in survival for patients with a witnessed ventricular fibrillation/ ventricular tachycardia arrest.
Strengths and limitations of this study
▪ This is the first systematic review and meta-analysis of the current evidence on the use of CCR and updated AHA/ERC Guidelines. ▪ Only observational studies could be found and reported in this review. ▪ Significant heterogeneity existed among the included studies in exact resuscitation and treatment protocols, limiting the pooling of data and comparisons between studies.
International standards for the emergency treatment of OHCA have existed since 1966, and the American Heart Association (AHA) published its first set of formal guidelines for cardiopulmonary resuscitation (CPR) in 1992. 3 4 Updates to the AHA and European Resuscitation Council (ERC) Guidelines in 2000 and 2005 reflected, in large part, a growing understanding of the electrophysiological phases of cardiac arrest and the need to minimise interruptions in chest compressions. 5 6 Concurrently, animal and human studies have indicated that active ventilation during resuscitation may be unnecessary, and even detrimental. 7 8 This has lead to the development of a new body of Emergency Medical Services (EMS) resuscitation protocols that minimise ventilation and maximise the amount of time spent by EMS doing chest compressions. One such protocol is cardiocerebral resuscitation (CCR), which emphasises passive ventilation, continuous chest compressions and delayed intubation. CCR was first instituted in 2003 as an alternative resuscitation protocol due to poor survival rates observed using the standard guidelines. 9 10 At the time, CCR represented a significant departure from the AHA 2000 Guidelines because of its use of a single defibrillator shock instead of triple-stacked shocks. This key resuscitation element was later incorporated into AHA and ERC 2005 Guidelines, and CCR has since shown promise in improving survival from OHCA. 11 12 Although a majority of EMS systems continue to use AHA-based or ERC-based guidelines for CPR, a growing number have adopted the CCR protocol. To date, no systematic review has been conducted to compare standard AHA/ERC Guidelines to CCR protocols. Although the AHA Guidelines have several minor differences from the ERC Guidelines, we considered them similar enough in their strategies for ventilations, compressions and defibrillations to be grouped together for the purposes of this review. This is the first systematic review and meta-analysis of the literature to examine the OHCA survival impact of EMS transitions from use of AHA/ERC 2000 Guidelines to use of a CCR protocol or AHA/ERC 2005 Guidelines.
METHODS
This systematic review and meta-analysis were performed according to guidelines set forth by the MOOSE (Meta-Analysis Of Observational Studies in Epidemiology) checklist. 13 Planning and study design were done by two authors (MS and CS), and included creation of an electronic database (Microsoft Excel) with defined primary endpoints and variables of interest that can be obtained from study authors on request. Evaluation Database and the Health Technology Assessment Database. Our search strategy included searching for keywords such as 'cardiocerebral', 'minimally interrupted' and 'continuous compressions' (using truncation and adjacency techniques) from within the subject headings of 'Heart Arrest', 'Resuscitation' and 'Emergency Medical Services'. Results were limited to human studies with English abstracts published since 2000. The full details of all the search strategies can be obtained from study authors on request. Additionally, we reviewed the bibliographies of included studies and published review articles, as well as sought expert opinion (GE) to obtain additional studies. The search included all through 1 December 2011.
Search strategy

Inclusion criteria
Studies were considered eligible for inclusion if they met criteria for study design, control protocol, study protocol, outcome and methodological quality (box 1). Similar to other recent studies, 14 methodological quality was assessed using the Newcastle Ottawa Scale (NOS) for cohort studies, wherein studies are given up to nine total points for fulfilling criteria in selection, comparability and exposure. 15 We categorised studies as high quality if they received eight or nine points, medium quality if they received six or seven points, and low quality if they received five points or less.
14 Only high-quality and medium-quality studies were included in this review.
We excluded reviews, editorials, opinions, studies on bystander resuscitation, studies comparing the absence/ presence of advanced life support, studies focusing on mechanical devices and studies available only as meeting abstracts. In addition, we excluded studies with non-English language full-text, studies meeting incomplete criteria for the resuscitation protocols and studies containing duplicative data of the included studies.
To Guidelines for cardiopulmonary resuscitation, or cardiocerebral resuscitation ▸ Outcomes: rate of bystander cardiopulmonary resuscitation, Emergency Medical Services response time, proportion of initial VF/VT and survival to hospital discharge. ▸ Quality: high or medium quality, as categorised using the Newcastle Ottawa Scale for cohort studies.
protocols. CCR has several distinct and important differences from the AHA and ERC Guidelines for CPR, which are illustrated in figure 1 . We defined an EMS study protocol to be a CCR protocol if it contained four of five critical elements 12: (1) 
Study selection process
We screened citations in three stages (figure 2). In Stage 1, one reviewer (MS) reviewed all citations by title or abstract to exclude clearly irrelevant and duplicate citations. In Stage 2, two reviewers (MS and CS) screened remaining abstracts for potential inclusion. In Stage 3, three reviewers (MS, CS and GE) reviewed the full text of all potentially eligible studies, and final inclusion was based on the agreement of all three investigators. Reviewers were not blinded to study authors or outcomes.
Data extraction
Relevant information from the studies, including characteristics of the study population and outcome measures, was extracted by two reviewers (MS and CS) using the prepared extraction database (Microsoft Excel). Data on study characteristics (year and location), variables of interest (age, gender, witnessed arrest, bystander CPR, initial shockable rhythm and EMS response time), total patient numbers per group and outcomes of relevant groups were extracted. When included, data were extracted directly from Utstein templates. Absolute numbers were recalculated when percentages were reported.
Data analysis and synthesis
Individual study data were used to calculate unadjusted OR for survival to hospital discharge for each EMS 'control' and EMS 'study' , which can be interpreted as the percentage of variability due to heterogeneity between studies rather than sampling error. Publication bias was assessed by generating separate funnel plots for each of the two groups of studies. Findings are presented as point estimates and 95% CIs, and when appropriate, weight of individual studies. All analyses were performed within RevMan V.5.1.
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RESULTS
Identification and selection of studies
Our initial electronic search yielded 654 citations, and an additional 27 were identified through hand-search of bibliographies and other sources. After an initial screen of titles, 100 abstracts were reviewed, and 22 of those were subsequently selected for full-text review. Six studies were excluded for lacking sufficient number of CCR elements, three studies excluded for sharing duplicative data with included studies and one study for non-English language text. Finally, 12 total studies satisfied the predetermined inclusion criteria: three using CCR and nine using AHA 2005 or ERC 2005 Guidelines, as shown in figure 2.
Characteristics of included studies
The final sample included 12 studies, with approximately 19 634 subjects. Study characteristics and pertinent outcome data are shown in table 1. All 12 articles that were included were prospective observational studies with data on survival preimplementation and postimplementation of guidelines. Eight of the 12 studies were rated as high quality, and four were rated as medium quality. No randomised controlled trials were identified that met inclusion criteria.
Three studies, which included a total of 2820 subjects, met the predetermined criteria for use of AHA 2000 (control) versus CCR (study) protocol. [18] [19] [20] Nine studies, which included a total of 16 The mean subject age across all studies was 64 years, and the mean gender distribution was 66.4% male. Two studies had significant differences in age between their control and study populations. 22 25 There was a wide range across studies in the proportion of OHCA receiving bystander CPR (8-58%) with a mean of 34.6%. The mean EMS response time was 6.2 min, with a range of 4.7-9.3 min. The mean proportion of OHCA patients with a presenting rhythm of ventricular fibrillation or ventricular tachycardia (VF/VT) was 29.9%, with a range of 5.6-50%. Three studies reported statistically significant differences in the proportion of witnessed arrest, proportion of bystander-CPR, or response time between control and study populations. 20 22 23 Overall outcomes Survival to hospital discharge was identified as the primary or secondary outcome in all studies. Mean survival when using AHA/ERC 2000 Guidelines was 6.9% (range of 1.8-11.1%). Mean survival to discharge increased to 10.1% (6.5-19.4%) when using AHA/ERC 2005 Guidelines, and to 9.3% (5.4-18.3%) when CCR was used. Overall mean survival across all studies and protocols was 9.7%.
AHA 2000 Guidelines as compared to CCR All three of the studies using a CCR protocol showed significantly improved survival for CCR compared to use of AHA 2000 Guidelines. Pooled analysis of data from these studies (figure 3) demonstrated a statistically significant survival benefit when using a CCR protocol, with a pooled OR of 2.26 (95% CI 1.64 to 3.12). Heterogeneity among the studies was not significant (I 2 =0.0%, p=0.61). Subgroup analysis of the patients with a presenting rhythm of witnessed VF/VT showed a significant association with survival for the CCR protocol as compared to the AHA 2000 Guidelines. Pooled OR of survival to hospital discharge for this subgroup was 2.98 (95% CI 1.92 to 4.62) (figure 3). The funnel plot of these three studies was not suggestive of publication bias (see online supplementary figure S1). Although the overall trend was towards a survival benefit for AHA/ERC 2005 Guidelines, heterogeneity tests revealed significant heterogeneity among these nine studies (I 2 =72%, p=0.0004), so a pooled OR for survival was not calculated (figure 5). 30 Subgroup analysis of the patients with a presenting rhythm of witnessed VF/VT showed a trend towards improved survival for the AHA/ERC 2005 Guidelines as compared to the AHA/ERC 2000 Guidelines. However, there was significant heterogeneity between studies so a pooled OR was not calculated. 30 The funnel plot of these nine studies was not suggestive of publication bias (see online supplementary figure S2).
DISCUSSION
Main findings
In our systematic review of 12 studies and 19 634 subjects, we found a consistent and significant survival benefit It appears that both the CCR protocols and AHA/ ERC 2005 Guidelines are associated with overall increases in survival from OHCA. After years of unchanged survival rates, this is a promising new finding. Furthermore, the association with improved survival is seen most clearly in the studies using a CCR protocol. On the basis of animal models and human studies, it is likely that multiple elements of the AHA/ERC 2005 Guidelines and CCR protocols have contributed to this progress. Both the AHA/ERC 2005 Guidelines and CCR emphasise the need to maintain coronary and cerebral perfusion pressure by minimising interruptions in chest compressions, although CCR eliminates any stoppage for ventilations. The benefits of this emphasis on optimal chest compression depth and continuous rate of chest compressions have been shown in multiple animal studies. 31 32 In addition, both protocols emphasise 150-200 compressions immediately prior and immediately after defibrillation attempts, in recognition of the evidence that a perfused heart is much more likely to convert to a pulsatile rhythm after shock. [33] [34] [35] [36] [37] These changes endorsed by the AHA and ERC 2005 Guidelines have likely contributed heavily to the demonstrated progress in OHCA survival.
However, the most significant difference between AHA/ERC 2005 Guidelines and CCR protocols is the decision to delay intubation in favour of passive ventilation. An existing body of studies has shown that intubations can (1) cause significant delays and/or interruptions in chest compressions, 38 and (2) lead to excessive positive pressure ventilation which can reduce venous return, reduce cerebral and coronary perfusion pressures and consequently reduce likelihood of survival. 7 8 The benefit of passive insufflation was recently shown in a subanalysis of the 'minimally interrupted cardiac resuscitation' protocol used in Arizona and included in this meta-analysis through Bobrow et al. 39 Owing to the reluctance of EMS teams to forgo active ventilation, this protocol allowed airway management through either passive insufflation or bag-valve-mask ventilation, at the discretion of the paramedics. For the subset of patients most likely to survive (witnessed VF/VT), neurologically intact survival was significantly higher among patients who received passive insufflation only as compared to bag-valve mask (38.2% compared to 25.8%). 39 Another study, published in 2011, showed an association with increased survival when a non-standard resuscitation protocol was implemented in Sussex County, UK. 40 Delayed ventilation was a key feature in this protocol; patients with witnessed OHCA and initial VF/VT were not given any active ventilations until after three cycles of 100 compressions plus shock. Using this strategy, survival in these patients increased from a historical baseline of 13% to approximately 30%. 40 The newest ERC and AHA Guidelines were recently released in late-2010. 41 42 The ERC Guidelines have removed the recommendation for a specified period of CPR before first defibrillation, while the AHA Guidelines have a strong emphasis on C-A-B: compressions, airway and then breathing. The shift to focusing on providing quality chest compression at a rate of at least 100/min is a change from the AHA 2000 and 2005 Guidelines in which the airway and breathing were first addressed. Although this is similar to the approach to CCR, there are still significant differences, the most significant being that CCR encourages compressions without ventilations. Future research will need to be conducted to directly compare survival between use of the updated AHA and ERC 2010 Guidelines and use of CCR.
Limitations
This systematic review yielded a total of 12 studies reporting results on CCR and AHA/ERC 2005 Guidelines as compared to AHA/ERC 2000 Guidelines. This relatively small sample limits the generalisability of our results in several ways. Only three studies reported results from the use of CCR protocols, which limited the meta-analysis to include only 2820 total subjects. Additionally, some of the included studies reported few total patients surviving to hospital discharge, and thus were not as heavily weighted in the meta-analysis. However, even with a small number of studies and total subjects, this meta-analysis was sufficiently powered to demonstrate a significant survival benefit. Finally, although our funnel plots did not suggest a significant publication bias, it is possible that unpublished, negative studies were underrepresented in our review. Future research from multiple research centres across the USA and internationally could potentially strengthen the results demonstrated here.
All of the included studies report data from observational studies; no randomised-controlled trials were found that met inclusion criteria, and thus this review was unable to locate studies of the highest scientific quality. Indeed, randomisation of OHCA patients to different EMS protocols is impractical and ethically problematic. All of the observational studies included in this review were found to be of high or medium methodological quality based on the NOS, but owing to inherent weaknesses in observational studies, there exists the potential for confounding and bias within these studies. The combination of multiple observational studies into a meta-analysis has the potential limitation of masking confounders that exist within the individual studies. These confounders may include a number of unrecognised variables of cardiac resuscitation, as well as possible changes made to the emergency healthcare systems between the 'control' and 'study' protocols, such as community education or improved quality of chest compressions by EMS. Additionally, it is possible that the survival improvement demonstrated here with newer protocols is confounded by temporal changes in the communities studied. Changes in community demographics or disease burden that occurred between and within the periods of data collection could have contributed to the observed changes in survival. The overall similarity in demographics and characteristics of the 'control' and 'study' subjects (as reported in the individual studies) makes it unlikely that this potential confounder has had a significant influence on our overall results. However, the existence of other, unrecognised confounders of the individual studies remains an important limitation to our meta-analysis.
The introduction of therapeutic hypothermia represents another important possible limitation to the interpretation of these results. The use of postarrest hypothermia was not consistent between 'control' and 'study' protocols of individual studies. Four of the nine studies using AHA 2005 Guidelines reported significantly increased use of therapeutic hypothermia during the 'study' protocol period (two other studies did not mention change in hypothermia use). Given the strong evidence for the benefit of therapeutic hypothermia, 43 44 it is thus likely that the use of hypothermia contributed to the overall trend towards improved survival; our analysis is limited in its ability to calculate the magnitude of that contribution. However, therapeutic hypothermia was not used on any of the patients included in the three CCR studies. Thus, it is extremely unlikely that hypothermia alone could be an alternative explanation for the increase in survival demonstrated by use of the CCR protocols.
The heterogeneity of the nine studies using AHA 2005 or ERC 2005 guidelines precluded pooling of their data and a summary estimate of effect. These studies were also heterogeneous in the specifics of the resuscitation protocols used, many employing minor deviations from the AHA or ERC guidelines. For example, both the 'control' and 'study' protocols of Sayre et al. Additionally, there exist minor but important differences between the AHA and ERC Resuscitation Guidelines. While these variations might have influenced the results of the individual studies, the random-effects model used for our pooled data analysis accounted for some of this variability. Still these variations serve to highlight the difficulty of standardising resuscitation protocols and comparing EMS systems.
Although delayed intubation is one of the pillars of CCR, the three studies included in the 'AHA 2000 as at the paramedics' discretion. The differences in the airway management strategies of these three studies make it more difficult to assess which aspects of the CCR protocol contributed most to increased survival, and limits the generalisability of our results.
CONCLUSIONS
The results of this systematic review and meta-analysis demonstrate an association with survival from OHCA when CCR protocols or AHA/ERC 2005 Guidelines are compared to AHA/ERC 2000 Guidelines. Although no randomised trials have yet been reported, multiple high-quality observational studies have demonstrated an association with increased survival post-AHA/ERC 2005 guideline or CCR implementation. Additionally, in the pooled subgroup of witnessed VF/ VT patients, there was a threefold increase in OHCA survival after a CCR protocol was implemented. The focus of the updated AHA 2010 and ERC 2010 Guidelines shifts emphasis towards providing uninterrupted, quality chest compressions. However, these changes still do not incorporate key elements of the CCR protocol that this study indicates are associated with improved OHCA survival, such as passive insufflation and minimal interruptions of chest compressions. Our study suggests that CCR appears to be a promising resuscitation protocol for EMS providers in increasing survival from OHCA. Future research will need to be conducted to directly compare AHA/ERC 2010 Guidelines with the CCR approach.
